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THE SIGNS of ventricular septal defect depend on the size of the defect and the pulmonary vascular resistance, these factors determining the direction and degree of the shunt and producing the well-known variations in the characteristics of the systolic murmur. Abnormally wide splitting of the second heart sound is a feature of ventricular septal defect with left-to-right shunt which seems to have escaped general recognition, probably because the loud pansystolic murmur drowns aortic closure.
We have investigated 23 subjects with isolated ventricular septal defect with left-toright shunt and normal or slightly elevated pulmonary vascular resistance (aged 4 to 18 years, average 11 years), and have divided them into two groups: Group 1-niinimal defects as described by Roger (less than 0.5 cm. diameter; Wood et al., 19541) : these patients had a loud systolic murmur without evidence of ventricular hypertrophy, clinically or on the electrocardiogram, normal right-sided pressures and a normal x-ray appearance. Group 2-larger ventricular septal defects with moderate or large left-to-right shunts. The auscultatory and phonocardiographic differential diagnosis will be discussed and also the separation of these patients from the inoperable Eisenmenger group with high pulmonary vascular resistance and bidirectional shunts.
Method Following clinical, electrocardiographic, and x-ray examination, each subject was investigated with phonocardiography by means of simultaneous recordings from different sites,2 before and after amyl nitrite inhalation,3 and a study was made of the effect of respiration on splitting of the second heart sound by a specially accurate time marker. 4 The paper speed was 100 mm. per second, the photographic recorder responded well to frequenFrom St. George 's Hospital, London, and the Institute of Cardiology, London, England. cies up to 800 cycles, and measurements were made, during the expiratory and inspiratory phases of continued respiration, from the onset of electrical activation (QRS) to the onset of the first sound and to the onset of aortic (A,) and pulmonary (P2) components of the second sound.
Carotid pulse tracings were taken in each subject by a method designed to correspond closely to a central aortic pulse, using an air-filled cuff and a linear manometer and amplifying system.5 6 Measurements were made from mitral closure (M1) to carotid rise (corrected for delay in the system by subtracting the A2-dicrotic notch interval) and were assumed to give an approximation to the isometric contraction time of the left ventricle. Measurements from the carotid rise to the dicrotic notch gave the ejection time of the left ventricle and each measurement was compared with the ejection time at the same heart rate on a of ectopic beats of right bundle-branch bloek pattern, although a shunt could not be differentiated for certain from tricuspid regurgitation; intracardiac phonocardiography in one showed the murmur to be present in the right ven-triele and pulmonary artery, and absent in the right atrium.
Group II
The 10 patients with moderate or large defects and shunts differed from patients in group I in that symptoms were present. They experienced dyspnea on moderate exertion and frequently gave a history of recurrent bronchitis and bouts of pneumonia. The eleetrocardiogram showed biventricular hypertrophy in eight and right bundle-branch block in two patients. X-ray showed a large heart, increased pulmonary flow, and dilatation of the pulmonary artery in all cases. The systolic pressure in the pulmonary artery varied from 30 to 50 mm, Hg, and the pulmonary flow measured from 1.3 to 3.5 times the systeinic flow. The 
Discussion

Murmurs
The classification of systolic murmurs into two main groups, pansystolic regurgitant murmurs and midsystolic ejection murmurs, has been applied to the systolic murmurs of ventricular septal defect.9 It is well known that when the resistance to right ventricular outflow is normal or low there is a large pressure gradient between the ventricles throughout systole so that both flow and murmur are pansystolic. The high velocity of the flow through small and moderatesized defects accounts for the high intensity and frequency of the murmur, whereas in large defects with high pulmonary vascular resistance (Eisenmenger 's syndrome), or pulmonary stellosis (tetralogy of Fallot), the small flow at low velocity is silent. In two subjects thought to have a small ventricular septal defect it was, therefore, a surprising finding that the loud high-frequency murmur at the lower left sternal edge was early and short ( fig. 3) ventricular systolic pressure fromi amyl nitrite. No other abnormality was found, and the murmur started too early to be related to aortic ejection. Splitting of the second sound was abnormally wide, and injection of contrast medium appeared to show a small rightto-left shunt during a period of low intraventricular pressure from ectopic beats, but could not be differentiated for certain from tricuspid regurgitation. It has been suggested that the defect is in the muscular septum and is closed by the later phase of systolic contraction.9
In patients with left-to-right shunts and large flows across the pulmonary valve, there was also a pulmonary ejection systolic murmur, though this was difficult to appreciate when the ventricular septal defect produced a loud pansystolic murmur. The dilated pulmonary artery from pulmonary hypertension in the Eisenmenger group is also frequently associated with an ejection systolic murmur that is more easily heard, since the ventricular septal defect is silent.
The short ventricular filling murmur (mitral diastolic murmur) due to the large flow across the mitral valve'0 was only present when the pulmonary flow was at least twice the systemic. It is important to stress again that these murmurs were short and confined to the rapid-filling phase and thus easily distinguished from the long murmur of mitral stenosis. There was no immediate inspiratory augmentation, thus distinguishing this murmur from a trieuspid flow murmur.
Heart Sounds
There was no obvious abnormality of the first heart sound and no ejection sound in the left-to-right shunting group, but observations on systolic sounds were difficult owing to the loud pansystolic murmur. The aortic component of the second sound preceded the pulmonic as in normal subjects, but abnormally wide splitting of the second heart sound was frequently present.8 11 The diagnosis of ventricular septal defect frequelntly depentls on the interpretation of a systolic mnturmur. AWhile a palnsystolic murimiur at the lower left sternal edg,e is very suggestive of a ventricular septal defect, other possibilities are tricuspid and mitral regurgitationi. rrricuspid regurgitation is, fortunately, extremely rare as an isolated abnormnality and can usually be recognized by its association with pulmonary hypertension, by the form of the venious pulse, and by the in-spiratory augmen-tation of the systolic murimur in some cases. Differentiation from mitral regurgitationi may be more difficult. In pure mitral regurgitation the left ventricle alone is hypertrophied (as opposed to the biventricular hypertrophy of ventricular septal defect), but systolic expanision of the left atrium may thrust the right ventricle forward in systole making it appear overactive, and, rarely, the right ventricle may be truly hypertrophied from high pulmonary vascular resistance complicating the mitral regurgitation. Furthermore, the seconld heart sound may be, widely split in miitral regyurgitation due to dinminlished resistance to left ventrieular outflow eausinrg a shortened ejection time, and in both conditions inspiration increases the splitting, and rapid ventricular filling may produce a short mitral diastolic murmur. Respirationi aiid raisinlg or depressincg the peripheral vascular resistanee with drugs should equally affect both systolic murmurs. The diagn-osis of ventricular septal defect can usually be mnade, however, by the localization of maxiimal intensity of the murmur to the lower left sternal edgre ( fig. 4) Finally, it must be stressed that for the sake of clarity, the emphasis of this discussion has been confined to the auscultatory signs, but in practice it is much easier to draw conelusions from ausecultation after eliciting the other physical signs.
Summary Ventricular septal defect with low pulmonary vascular resistaniee anld left-to-right shunt is well knowni to be closely associated with a pansystolic mnurmur caused by the regurgitant shunt of blood at high velocity across the defect. With very high flows a pulmonary ejection murmur is superimposed on the pansystolic murmur and is occasionally the only systolic murmur if the ventricular septal defect is so large that the velocity of Circulation, Volume XXV, February 1962 the shunt is small. In two patients thought to have small ventricular septal defects the shunt murmur was confined to early systole, probably because the defect was in the muscular septum and was closed by systolic contraction of the ventricle.
The second heart sound is abnormally widely split in the majority of patients, even with small defects. The mechanism is difficult to elucidate but there appears to be slight shortening of the left ventricular isometric time (early A2) and delay in contraction of the right ventricle (late P2). The splitting of the second sound is a useful way of differentiating the large defects with leftto-right shunt from the Eisenmenger group of large defects with equal pulmonary and systemic vascular resistances and a loud single second sound.
The auscultatory differential diagnosis of ventricular septal defect is discussed.
